The AIDS epidemic continues to spread at an alarming rate worldwide, especially in developing countries. One approach to solving this problem is the generation of anti-human immunodeficiency virus (HIV) compounds with inhibition spectra broad enough to include globally prevailing forms of the virus. We have examined the HIV type 1 (HIV-1) envelope specificity of a recently identified entry inhibitor candidate, HNG-105, using surface plasmon resonance spectroscopy and pseudovirus inhibition assays. The combined results suggest that the HNG-105 molecule may be effective across the HIV-1 subtypes, and they highlight its potential as a lead for developing therapeutic and microbicidal agents to help combat the spread of AIDS.
Human immunodeficiency virus type 1 (HIV-1), the major pathogen responsible for the AIDS pandemic, is among the most genetically diverse viral pathogens described to date. Isolates can be divided into groups, subtypes, and circulating recombinant forms (CRFs). The group M viruses, which are the most widespread and account for approximately 99% of infections worldwide, can be further subdivided into nine distinct genetic subtypes, or clades (1, 15) . These clades show characteristic geographic localization, with clade B viruses dominating Europe, the Americas, and Australia, while clade C, which presently infects more people worldwide than any other clade, is most prevalent in southern Africa, China, and India (5, 15, 20, 25) . Despite the prevalence of subtype C, most of the antiretroviral drugs available to treat HIV-1 have been developed in the Western world using in vitro studies of subtype B isolates. However, there is a growing body of evidence that the different subtypes, and in particular the subtype C viruses, have unique antigenic, infectivity, and replicative characteristics (1, 15, 25) . Therefore, in the development of prophylactics and topical microbicides, and eventually in the generation of a viable vaccine, the genetic diversity of HIV-1 and its potential consequences for naturally occurring and acquired drug resistance must be considered.
During the past several years, a new class of antiretroviral drugs, often referred to as entry inhibitors, has emerged (5, 7, 10, 12, 21) . This class of antiretroviral agents disrupts one or more steps involved in the initial docking, coreceptor binding, or fusion events that are crucial to the HIV infection process by targeting components of the envelope proteins (2, 6, 22, 26, (29) (30) (31) 34) . However, the therapeutic targeting of the envelope proteins, gp120 and gp41, is not without its potential pitfalls. First, the Env gene is the most variable HIV-1 gene, with up to 35% sequence diversity between clades, 20% sequence diversity within a clade, and up to 10% sequence diversity within a single infected person (3) . Second, by comparison of the recently determined unliganded structure of simian immunodeficiency virus (SIV) gp120 (8) to the known liganded structures of HIV-1 gp120 (16, 19) , and also indirectly via thermodynamic methods (28) , gp120 is thought to be extremely flexible and to undergo extensive structural rearrangement upon binding of its ligands, particularly CD4.
HNG-105 ( Fig. 1A) is an entry inhibitor generated by our group by the click conjugation of the 12p1 peptide and has been shown to work by inhibiting key interactions of gp120 (4, 11, 14) . HNG-105 inhibits the interactions of both monomeric and trimeric soluble gp120 with soluble CD4 (sCD4), and this molecular inhibition translates to viral inhibition (H. N. Gopi et al., unpublished data). Mechanistic studies of the inhibitory action of HNG-105 reveal that it works by a novel allosteric mechanism, interacting with a site other than that of the CD4 or coreceptor binding sites, and dramatically lowering the affinity of gp120 for either of its receptors (Gopi et al., unpublished) . Given the unique inhibitory mechanism, we wanted to study the molecular consequences of HIV-1 envelope variation on the inhibitory action of HNG-105.
It has been demonstrated previously that HNG-105 binds directly to the gp120 derived from the primary isolate HIV-1 YU-2 . However, no other direct binding or molecular inhibition data exist for different clade B envelopes or for envelopes derived from viruses of other subtypes. We therefore measured the binding of HNG-105 to gp120 envelope proteins from several strains of HIV-1 from differing clades ( Table 1 , column 1) by using surface plasmon resonance interaction analysis (Biacore 3000 instrument). The respective gp120 proteins from HIV-1 clades A, B, C, and D and from two major circulating recombinant forms, CRF01_AE and CRF07_BC, were immobilized on a CM5 sensor chip and exposed to different concentrations of HNG-105 (0.125 to 4 M). An additional gp120 from the SIV strain PBj was also included. Nonspecific binding and instrument artifacts were accounted for by subtraction of the response from a control surface (anti-IL5R␣ antibody 2B6R). HNG-105 was found to bind to all HIV-1 gp120s tested, except for that of CRF01_AE, with equilibrium dissociation constants (K D ) in the range of 0.04 to 7 M (Table 1 , column 2; Fig. 1B to D) . This indicates a degree of conservation of the binding epitope across the subtypes studied. Like its parent peptide, 12p1, HNG-105 did not bind to the gp120 derived from SIV-PBj (9) ( Table 1, column 2) .
Similarly, we assessed whether or not HNG-105 could inhibit the pivotal interaction of the non-subtype B gp120s with sCD4. Prior to the assessment of inhibitory effect, we characterized the interaction of sCD4 with a given gp120 under the conditions of the inhibition assay (Table 1 , column 3). Then sCD4, in the absence or presence of increasing amounts of the peptide, was injected over the immobilized variant gp120s. Increasing concentrations of HNG-105 significantly inhibited the interaction of sCD4 with the gp120 variants that bound HNG-105, whereas those gp120s that did not interact with HNG-105 showed no effect. The inhibitory effect of HNG-105 on the gp120-sCD4 interactions was quantified from the corresponding decrease in the response at equilibrium (R eq ) at a given peptide concentration and was used to derive the respective 50% inhibitory concentrations (IC 50 s) ( Table 1 , column 4). The derived IC 50 s showed good correlation with the affinity (K D ) of HNG-105 for a given variant.
In addition to establishing molecular inhibition of the variant gp120s by HNG-105, we characterized the inhibitory action of HNG-105 on HIV-1 entry by using a pseudovirus singleround infection assay (23) . Given the variability of the env gene, we sought to characterize the efficacy of HNG-105 against a panel of viruses that embodied this diversity. We therefore chose HIV-1 variants isolated from diverse body compartments (periphery, central nervous system, and brain) that embodied significant genetic diversity and included members of the globally prevalent subtypes A, B, and C ( Fig. 2A  and B ). HNG-105 showed specific inhibition of viruses from all of the clades tested, albeit with differing efficacies. Interestingly, the subtype B peripheral isolate HIV-1 BORI (33) was not sensitive to the inhibitory effects of HNG-105 over the concentration range studied. This is in stark contrast to the sensitivity displayed by the highly related HIV-1 BORI-15 isolate (33) ( Fig. 2A) and the biochemical data indicating that the monomeric forms of the gp120s from both of these strains bound and were affected by HNG-105 (Table 1 ). The major differences between these isolates (23, 24, 32) , coupled with the localization of the potential binding site for HNG-105 (4; Gopi et al., unpublished), suggest that one mechanism by which an isolate can be resistant to HNG-105 may be conformational masking of the binding site in the context of the viral spike (17, 18) . This concept of differential access to the HNG-105 binding site, which is thought to reside within the gp120 inner domain, is currently under investigation in our laboratory. From this study and others, it is clear that variability in the component proteins of the viral envelope (gp41 and g120) has a modulatory effect on the susceptibility of a given isolate to drugs that target viral entry. Subtype sequence variability can result in either a reduction in an entry inhibitor's effectiveness (27) or an increase in efficacy (13) . Moreover, this study highlights the need to consider the effect of sequence variation on the conformation of the viral spike and how that, in turn, affects susceptibility to entry inhibitors. Therefore, the correlation of biochemical binding analyses with virally derived inhibition parameters for an extended panel of isolates not only should become routine in the clinical development of this class of antivirals but may also yield important information regarding the molecular mechanism of cell entry by HIV-1.
